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(57) Abstract

Novel thyroid receptor ligands as provided which

have general formula (I) in which: R\ is alkyl of 1 to 4

carbons or cycloalkyl of 3 to 7 carbons; Ri and R3 are the

same or different and are hydrogen, halogen, alkyl of 1 to

3 carbons or cycloalkyl of 3 to 5 carbons, at least one of R2

and R3 being other than hydrogen; n is an integer from 0 to

4; R4 is an aliphatic hydrocarbon, an aromatic hydrocarbon,

carboxylic acid ester thereof, alkenyl carboxylic acid or

ester thereof, hydroxy, halogen, cyano, or a phosphonic

acid or an ester thereof, or a pharmaceutically acceptable salt thereof. A method for treating diseases associated with metabolism dysfunction

or which are dependent on the expression of a T3 regulated gene (such as obesity, hypercholesterolemia, osteoporosis, hypothyroidism and

goiter) is also provided.
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NOVEL THYROID RECEPTOR LIGANDS AND METHOD

Field of the Invention

This invention relates to novel compounds which are

5 thyroid receptor ligands, and are preferably selective for
the thyroid hormone receptor p, to methods of preparing

such compounds and to methods for using such compounds such

as in the regulation of metabolism.

10 Background of the Invention

While the extensive role of thyroid hormones in

regulating metabolism in humans is well recognized, the

discovery and development of new specific drugs for

improving the treatment of hyperthyroidism and

15 hypothyroidism has been slow. This has also limited the

development of thyroid hormone agonists and antagonists for

treatment of other important clinical indications, such as

hypercholesterolemia, obesity and cardiac arrhythmias.

Thyroid hormones affect the metabolism of virtually

20 every cell of the body. At normal levels, these hormones

maintain body weight, the metabolic rate, body temperature,

and mood, and influence serum low density lipoprotein (LDL)

levels. Thus, in hypothyroidism there are weight gain,

high levels of LDL cholesterol, and depression. In excess

25 with hyperthyroidism, these hormones lead to weight loss,

hypermetabolism, lowering of serum LDL levels, cardiac

arrhythmias, heart failure, muscle weakness, bone loss in

postmenopausal women, and anxiety.

Thyroid hormones are currently used primarily as

30 replacement therapy for patients with hypothyroidism.

Therapy with L-thyroxine returns metabolic functions to

normal and can easily be monitored with routine serum

measurements of levels of thyroid-stimulating hormone

(TSH) , thyroxine (3 , 5,
3

• ,
5

' -tetraiodo-L-thyronine, or T4)

35 and triiodothyronine (3,5,3* -triiodo-L-thyronine , or T3 ) .

However, the rapidity with which replacement therapy can be

given and in some circxjmstances, particularly in older

CONHRMATION COPY
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individuals, even replacement therapy, is limited by

certain of the deleterious effects of thyroid honnones.

in addition, some effects o£ thyroid hormones may be

therapeutically useful in non-thyroid disorders 1£ adverse

5 effects can be minimized or eliminated. These potentially

useful influences include weight reduction, lowering of

serum LDL levels, amelioration of depression and

stimulation of bone formation. Prior attempts to utilize

thyroid hormones pharmacologically to treat these disorders

,0 have been limited by manifestations of hyperthyroidism, and

in particular by cardiovascular toxicity.

Development of specific and selective thyroid

hormone receptor agonists could lead to specific therapies

for these common disorders while avoiding the

15 cardiovascular and other toxicities of native thyroid

hormones. Tissue-selective thyroid hormone agonist may be

obtained by selective tissue uptake or extrusion topical

or local delivery, targeting to cells through other ligands

attached to the agonist and targeting receptor =>^types^

20 Thyroid hormone receptor agonists that interact
^ff^Tl

wi^ the P-form of the thyroid hormone receptor offers an

. especially attractive method for avoiding cardio-toxicity

.

Thy-oid hormone receptors (TRs) are, like other

nuclear receptors, single polypeptide chains. The various

.,,r,»,r to be products of two different genes
25 receptor forms appear to oe prouu..

o and p. Further isoform differences are due to the fact

differential RNR processing results in at least two

Tofor^ each gene. The T.al, T.pi and TRP2 isoforms

bind thyroid hormone and act as ligand-regulated

tr^scrlption factors. In adults, the TRPl isoform is the
30

35

most prevalent form in most tissues, ,-^-"^^^^^^^^"^'^4

liver and muscle. The TRa2 isoform is prevalent in the

pituitary and other parts of the central nervous system^

does not bind thyroid hormones -^^^ ^^^^^LTsTs:
as a transcriptional repressor. The TROi iso

widely distributed, although its levels are generally lower

than those of the TRgl Isoform. n>ls Isoform may be
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5 found. ^

A growing body of data suggest that many or most

effects of thyroid hormones on the heart, and in
'P^l^-'^f^''

on S htLt rate and rhythm, are mediated through the a-

form of the TRal isoform, whereas most actions of the

,0 honnone such as on the liver muscle and

^ated more through the P-«°"=

TRB-selective agonist might not elicit the rhythm and rate

influences of the-™ ^t wo^ia ^U., othe^^^^

actions of the hormones. It is Beiievea

15 the receptor is the major drive to heart rate for the

following reasons:

1, tachycardia is very coition in the syndrome of

generalized resistance to thyroid hormone in there

defective TRP-forms, and high circulating levels of T4

T "'there was a tachycardia in the only described^

^tient with a double deletion of the ThP «ene .Ta.eda et

,1 J Clin Endrocrinol. t Metab. 1992, Vol. 74, p. 49);

a double taoclcout TRa gene (but not P-gene, m the

25 mouse has a slower pulse than control

4) western blot analysis of human myocardial

presence of the TRal. TRa2 and TR|i2 proteins, but not TR^l.

If these indications are correct, then a TRp-

selective agonist could be used to mimic a number of

30 thyroid hormone actions, while having a lesser effect on

the heart. Such a compound may be used for: (1)

Te^laclnt therapy in elderly subjects with hypothyroidism

who are at risk for cardiovascular complications, 2

replacement therapy in elderly subjects with subclinical

X, oh -risk for cardiovascular
hvDothvroidism who are at rxsK luj. v.«.

. ^ x.^

educations, .3> obesity; (4,
hypercholesterolemia due to



wo 99/00353 PCT/EP98/04039

elevations of plasma LDL levels; (5) depression; and, (6)

osteoporosis in coxnbination with a bone resorption

inhibitor.

r^^.^^^ p^^^n TnArention

in accordance with the present invention, coz^ounds

are provided which are thyroid receptor ligands, and have

the general formula I:

I
^2

R4

{CH2)n

10

15

20

25

30

R3

"''t is .im of 1 to 6 carbons or cycloal^cyl of 3 .o 7

''"^''"U and R3 are the sa.e or different and are hydrogen,

nalogen, alW of 1 to 4 carbons °- ^^^l-^^^ " =

carbons, at least one of and E3 being other than

hydrogen;

n is an integer from 0 to 4; •

R4 is an aliphatic hydrocarbon, an aromatic

hydrocarbon, carboxylic acid or ester

^^-^J' "^^^^
carboxylic acid or ester thereof, hydroxy, halogen, cyano,

or a phosphonic acid or ester thereof, or a

pharmaceutically acceptable salt thereof, and all

Stereoisomers thereof.

in addition, in accordance with the present

invention, a method for preventing, inhibiting or treating

aTsease associated with .etabolis. dysfunction or whrch

is dtr^ent upon the expression of a T3 regulated gene .s

^r^Za. Wherein a co-^ound of for:nula I is administered

In a therapeutically effective amount. The

formula X is preferably an agonist that is V^^^'^^^^

selective for the thyroid hormone receptor-beta. Exanl.les

Of such diseases associated with ..tabolismay~"
are dependent upon the e=^ression of a T3 regulated gene
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4=4.^v. nnd include obesity,
a.e set out

^^^[^^['^[^^^^^^ cardiac arrhyt^ias-
^ypercholesterolemxa ather

^^.^^^^ ^^^^^.^

depressiou, osteoporosxs,
^.^^ ^3,,, failure,

cancer as well as glaucoma and congesti

'
. . ^^r^^^7 to the terms as usea

..e following <^efinxt.ons apply to t

^^^^^^
throughout this specification, unless othe

specific instances.
T:|„and" as used herein is

The term "thyroid receptor Ugand as u

receptor. The Ugand may act as an ag

..e.s:: :::u:r:;. ... .o^s «.ic.

, ^ 1W1 alkenyl or alkynyl groups.

=iv as employed herein alone or as part

alkyl- or alk
^^ ^J branched chain

another group includes ^"^^^
a>e case o£

^^.carl^ns ----^rc^in! preperahl. 1 to .

alkyl or alk). in the norm
isopropyl, butyl,

carbons, such as -^^l. ethyl^^ PV
^^^^^^^

..butyl, or ^--^V^^-ff^l^rethylpentyl, nonyl, decyX,

dimethylpentyl, octyl, 2,2,4 t

-^^^^rrr -aryl- as—ed here, al^ o^a=
^

. another " ^
0 aroups -""^"^"^^ '

Lnaphthyl and 2-naphthyl)

as phenyl or naphthyl «
available carbon

and may be optionaUy ^---^^^^^^ .alo,

atoms with 1, » nv^r^i^T
n Tin alkoicv haloalkoxy, alkenyl.

alkyl, haloalkyl, alkoxy. ha
hydroxy, nitro

trifluoromethyl, trifluoromethoxy,
alkynyl.

10

15

20

35

or cyano



10

15

PCT/EP98/04039
WO 99/00353

« -alXen... as usee .e.e.„
^

..aU^^^a
.^^^^ ^

group refers
i„ nor^l cha.n,

U carbons Preter^ly 2 to
^^^^^ ^

,*lch include one to si^
j-batenyl, 4-

.nch as Vinyl,
J-^^f^^^^^;^:

%!,exenyl ,
2-heptenyl, 3-

^•^^"^i' :
-o-nyi, 3-nonenyi, .-aecenyX. 3-

heptenyl, 4-lieptenyx,

undecenyl, 4-aoaecenyl, and the ^ ^ ^^^y^.,

unless otherwise xndrcated, the te
^^^^^^

or -ai^yl" as
rra::w lai: "aicais o. 2 to

.roup refers to stra.* or hr^^h^^^

1. carbons ,

^^^^
normal chain, such as

^,ch inc ude
..pentynyi, 3-pentynyl

2-propynyl,
^''^^'^^f

' ^„^^yi, 3-heptynyl, 4-heptynyl,

2-hexynyl, 3-hexynyl, 2-heptynY ,

4-aodecynyl

3-octynyl, 3-nonynyl, 4-decynyl, 3-undecyny

and the lil^e-
.

. ^ ^ ^y,^ term "cycloallcyl" as™ otherwise --^f ; deludes

e^Xoysd herein aXone or - Part °
^, ^^^^

saturated cyclic hydrocarbon ,ro.P^
^^^^^

unsaturated (containing 1 or 2 dou
of 3 to

^arocarhon ^^^T^^Z^^^ the ring,

7 carbons, preferably 3 ro
cyclopentyl,

« Which includes oyc^^ cyc^^^^^^^^^

tTrrire:.^ -
"

4:^r-Q to chlorine, bromine,

as part of another group refers t^
^^^^^^^^

fluorine, and iodine as well as CF3,

bromine being preferred.
^ phosphorus

The term "phosphonic acid rete
^

—p(OR5)2 wherein R5 is

containing a group of the structure

-r.ri.....-— ^::r::r'"

20

30
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10

15

20

>..sic enter, they fom .cid aadition salts. These are

fom,ea, for exa^le, with strong inor.anrc -^"^
xnineral acids, for example sulfuric acrd, phosphorrc acrd

"
a hydrohalic acid, with strong organic carboxyl.c ac.ds_

such as all^ecarho^cylic acids of 1 to 4 "rbon "o:ns "hrch

Z unsuhstitutad or substituted, for exa^le, hy halogen,
are uns

„uch as saturated or unsaturated
for exanple acetic acid, sucn as

„,ccinic
alcarboxylic acids, for e«.ple "-^^^

^^as
^leic, fun^ric, phthalic or terephthalic »^

•j^ fr>y (axaraole ascorbic, glycoxxc,
hydroxycarboxylic acids, for example
^

. ^,^^aric or citric acid, such as ammo
lactic, malic, tartaric or ciui

Tvsine or
T ==r.aT-t-ic or qlutamic acid or lysine oi

acids, (for example aspartic or g
acids

rjr; riTTir:: .... .., .-j^-^j;-
-.^ ,^i->. Hases Suitable salts with bases

can also form salts with bases,

are for example, metal salts, such as alkali metal or
are, tor e p

^ ^^^.^^ potassium
alkaline earth metal salts, i

„r-aanic

or magnesium salts, or s.lts with a^onia— "^^^'^

a^ne, such as .orpholine, thiomorpholine, P-P-^^-^;

; pyrrolidine, a .ono-, di- or tri-lower allcyla^me for

, ^wl tert-butyl-, diethyl-, diisopropyl-

,

exaniple ethyl- ,
tert oucyj.

, • „, . mono-,

triethyl-, tributyl- or <ii-^'^vl-Propyla.n«e. or a mono^

ai- or trihydro^ lower al^laxnine. for --^^^ '

^

cr triethanola^ine. Corresponding internal
-f^ '^r

0 furthermore be formed. Salts which are --"^^^
phar„«ceutical uses but which can be employed.

L the isolation or purification - '^^^^^^^
their pharmaceutically acceptable salts, are ai

preferred salts of the confounds of formula I which

35 include a basic gorup include monohydrocblorlde.

hyLogensulfate. methanesulfonate. phosphate or nitrate.
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8

Preferred salts of the compounds of formula I which

include an acid group include sodiuK., potassiv^ and

na^esiu. salts and pharxnaceutically acceptable organic

5
^'""^^

preferred are coirpounds of the invention of formula

I wherein Ri is isopropyl;

and R3 are independently halogen such as bromo or

,0 other is^e^yl;^
^^^^^^^

chloro, and the other is allcyl such as methyl, or hydrogen;

n is 0, 1 or 2; and

R4 is carboxylic acid (COOH) or esters thereof,

^^-^•r-e t-bereof, OH, CN, halogen
•15 alkenyl carboxylic acid or esters thereor, ,

13 axjs.eixy
psters thereof such as

such as iodo, phosphonxc acids or esters c

J II

Ih

preferred corr5)ounds of the invention have the

Structures.

20

25

30

and

- CH2COOH HO CH3 ^

The compounds of formula I may be prepared by the -

^ ,^=er^-rii^^d in the following reaction
exemplary processes described m tn

schemes. Exemplary reagents and procedures for these

reactions appear hereinafter and in the wor-ng ^amples

.

J, ^ 1 T i-he invention can be
Compounds of formula I of tne inv«i

p«parea using the se<^ence o£ s«p. outlined in Schene. 1

to 5 set out below
.

. n 4. o

in scheme 1, an anisole-derived iodonium salt 2 and

copper bronze in an inert solvent such as dichloro^ethane

alflLed at roo. ter^erature. A mixture of the appropriate

Tenol ester 1 and a base such as triethyla^ne xn an .nert

folvl s^ch as diohloro:.thane was added to the ^ure.
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generally .sing 2 »olar e<^ivalen« each of

f^^^^^^^
La, ana 3 .olar e^ivalents of iodon.^. salt

^'J'^
stirring overnight at roo„ te^erature,

is purified via- chromatography on s.lxca gel. to give

biaryl ether products 3. Other methods exrst in the

Ut^ature fo'r the synthesis of diaryl ethers, for ^^le,

references directly apply to the
^oll

hormone analogs: D. A. Evans et al.
,
Tet Lett

39 2937-2940 (1998) and G. M. salamonczyk et al.. Tet.

0 Te^ers volume 38, 6965-6968 .1997,. The carboxyUc acd

ester i^ removed with a mixture of aeneous sodium hydroxrde

Id methanol. Acidification of the completed

^xture is followed by standard work-up and crystalUzatxon

rchro^tography. The methyl ether function removed by

. 4= *.v,o free acid product of the previous
IS treatment of the tree aciu t^j- -j

Tocedure with 4-6 molar e^ivalents of ^
-^^J"^'^

L boron tribromide at 0»C in an inert solvent such as

alcrioromethane. The reacted mixture gives after s andard

^rk-up and purification, the end product 4 (Examples 1 3.

71 »d n, Other combinations of protecting groups for

the c^L" ic al present in 1 and phenolic hydroxyl in

Tdoiru^ 7alt 2 can be employed, and their usage .s known

to those skilled in the art (references descrrbing

^Lfe^tin rcup strategy include, for

r-v,=.mi .itrv- J. F. W. McOmie, nenum
Groups in Organic Chemistry ,

'J '

25 croups 1 a
.protective Groups in

press, London, New York, 1973, ana i-ro

,,„fhssis- T. w. Greene, Wiley, New York, 1984)

.

~%^Tes o,' co^ounds of foomila X in which = OH

can be llZL by further chemistry are depict^a in Scheme

30 r The intermediate ester product 3 can reduced ^
treatment with an appropriate reducing agent such as

,

diisobutyl aluminium hydride in an inert solvent such as

Z T^C. If K, and R. are alkyl, then lithium a uminum
THF at u ^

.

-I-

2
, . ^, ^ ^isk of reducing away

bydride may be e^loyed
^^^f _,.„p

35 halogen substituents at those positions.
. „^ .

1^ purification yields the desired alcohol product
5^

Tther reducing agents ..y be er^loyed and are known to
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. V, ,vt- Removal of the phenolic
skilled x„

^^7^^, ,«,,as .he

protecting group as descrxbed
^ ,^

product alcohol 6, which are coiwounds

which R. = OH (Example 6)
, „„ i« converted to

Xnter^ediate 5 in Scheme 1 ^ _
cc^^unds Of formula ^ - ^^^^^'^^ ^^^^ ^.iXled in the

. nux^r of .odiu. iodide can

For example, 2 molar quiv
„a H,PO., and

be added to a r»i.ture
, "

J^' intermediate
J 4- ion°r for 15 minutes, to give

: lovlTof the phenolic protecting group gwes

iodide 7 .
Removal o

formula I in which R. =

£i^l product 8. a -^;-^ f^;:::,,„,i„„.i „or.-up and

iodide (Examples 2 and 7) a
conversion

purification. Numerous other
^ ,,^i ^Ude

of simple hydroxyl groups to "

„e well renown to those skilled
^ ^t^t^pounds of

crrrrr;:r:rom Lermediate 7

formula I (K. = COOH) nalonate can

i„ scheme 1. -— T.Uht at reflux in a

D be stirred wrth alley! ^°
aimethylformamide,

solvent such as t h -^o
^^^^^^ ^^^^^^^^ ^^^^

employing a molar ratio
^j^^^ hydrolysis of

iodide, within the range of 2-3

^
the al,^lated

^-'-/^^^^X^^lLr^ Seating the diacid to

« "°":ruor K^val of the methyl ether

temperatures around 1 C

,

protecting group as desorioeo

product 9 in which R. = COOH -B-^^^J^' . ^ ^an be
Co^^ounds of formula

f ^
, „i«> sodium

30 Obtained by reacting
^^^^^^^^J^^ „,,,^e such as

cyanide in a polar solvent or sol
_ ^^^^^

. , ,T3l The reaction may be sciri.=

„ater:ethanol (l_3)^
cyanide er^loyed may be at least 5

a„d the amount °* J iodide 7 in order to

times molar excess relative
_v.„„ and purification

3, drive the reaction -J-^t^^fmeL affLds the

of the resulting product byj^
^^^^^^ ^^^^^

desired nitrile product. Remov
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11

100«C in a fixture
^^^^^J^ .„a

acid, sulfuric acid and «atex. s
^^^^^^uc acid

purification affords the corresponding carboxy

product (Example 10)

.
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Scheme 1

CH30

©

0CB3

BF4
e

-CH2OR

.

(CH2)
-'CH2RA

Rj = isopropyl:

Example 1, n - 0, R3 s Br
Example 3, n = l,R2 = R3=:Br
Example 4, n = 2, R2 = R3 = Br
Example 5, n = 0, R2 = R3 = CI
Example 11, n s 0, R2 = R3 » CH3

(CH2)b

Example 6, n a: 0, R] s iPr, R2 = R3 » CI

?2

8

Ri = isopropyl:

Example 2, n s= 0, R2 = R3 = Br
Example 7, n = 0, Rj 5= R3 ss CI

Rl = isopropyl:

Example 8, n = 1, Rj = R3 = CI, R^ = CO2H
Example 9, n ^ 0, Rj = R3 = CI, CN

Example 9 ^ Example 10, n = 0, R, = iPr, R2 = R3 = CI, R^ = COjH

The procedures described in Scheme 2 further
exemplify methods for the synthesis of compounds of formula
I. For example, the unprotected phenol, carboxylic acid
intermediate 10 in Scheme 2 may be reduced by standard
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13

means knovm in the art, such as reacting with 3 molar

equivalents of tetrabutylammonium boronate and 4 molar

equivalents of ethylbromide in a solvent mixture consisting

of dichloromethane:THF:water (5:2:2). Work-up and

5 purification by standard means affords product 11 which are

compounds of the formula I in which R, = OH (Examples 12

and 16) . The alcohol products 11 can be reacted with 0.5

molar equivalents PBr3 in an inert solvent such as

dichloromethane at room temperature. The reacted mixture

10 after work-up and purification yields the corresponding

bromides 12 (Examples 13a and 17a) .
These alkyl bromides

may be converted to compounds of formula I in which R, = CN

by reaction with sodium cyanide in a polar solvent or

solvent mixture such as water :DMF (1:9) and heating at

15 50°C. The reacted mixture gives after work-up and

chromatography the benzylcyanide products 13 (Example 13

and 17) . In addition, the bromide intermediates 13 can be

converted to compovmds of formula I in which R, =

phosphonic acid diesters by reaction with

20 trialkylphosphites under standard Arbusov reaction

conditions. For example, the reaction of Example 13a with

triethyl phosphite in large excess (10-12 molar equivalents

versus bromide 12) in toluene at reflux for at least 2 days

yields the corresponding dialkylphosphonate ester, compound

25 14 (Example 14) in Scheme 2. Simple hydrolysis of this

product in aqueous acid solvent such as in hot hydrochloric

acid gives the corresponding phosphonic acid 15 (Example

15) after work-up and purification.
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scheme 2

COjH

Example 1, Rj'Rs'B'
Example U,R2 = R3 = CH3

HO
12

CHiBr

Example 13(a), R2 = R3 = Br

Example 17(a), = Rs = CH3

HO(^X^Rj/^^CHjOH
11

Example 12, R2 = R3 =BL
Example 16, Ri » R3 " *-**3

CH2CM

Example 13, R2 = R3 = B'f^

Example 17, Ri=R3 = CH3

10

R2

CHjWOEth

15

14

Example 14, Ra«R3«B'

B iBoproparl.

CH2PO(OH)2

Example 15, R2'=R3 = Bf

. in K. = COOK — rca^^^uc ac... . .

by an intervening
^"^^fl^ .o^pied to lodonium

bromophencl of general
to give the

" "
Tet^ir.-":: - aiar^X ether with

aiaryl ether P»^-' „^i,te, using palladr^

« acrylate e.ter such
,^^yi3^ne in a solvent

acetate,
"^'^'^--^^'^^^^t.ri!;:: elevated te^eratures

3uch as—
""i^^^^^^X, Which, after r^noval of the

,i.es a ---^"/^^^Hescrihed previously, gives the

ester and methyl e^^ «
.^^ .

product alkenyl carDOxyix
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Scheme 3

19
18

Example 18, R2 = R3 = Br

Ri = isopropyl.

Exaitqples of compoiinds of formula I in which is

5 different from R3 can be synthesized by the method shown in

Scheme 4 . Standard halogenation conditions are well-known

to those versed in the art to convert the tri-substituted

phenol ester intermediate 20 to product 21 in which R3 is

halogen and is different from For example, iodination

10 can be achieved by using iodine in glacial acetic acid in

the dark. Similarly, bromination can be accomplished by

substituting bromine under the same reaction conditions

.

The product phenol 21 is then coupled to iodonium salt 2 to

give the diaryl ether product 22. The ester group R and

15 the methyl ether protecting groups are removed by

procedures already described above to give the final

product 23 where R3 is halogen and is different from Rj

(Exaitples 19, 20 and 26).
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Scheme 4

COOH

Example 19, n = 1, Rj = iPr, R2 = CI, R3 = Br

Example 20, n « 1, Rj « iPr, R2 = CI, R3 = I

Example 26, n « 1, Ri « iPr, R2 = Me, R3 = Br

5 Compounds of formula I in which = Cl and R3 =

alkyl can be prepared by the methods shown in Scheme 5.

The intermediate 24 in which = ^1 and R3 may be either Br

of I can be alkylated under standard Stille conditions such

as using tetramethyl tin [(Me)4Sn] or tetraethyl tin

10 [{Et)4Sn] in the presence of

tetrakis(triphenylphosphine) palladium in a solvent such as

toluene. Heating this mixture in the dark under an inert

atmosphere yields, after normal work-up and purification,

the product 25 in which R2 = Cl and R3' = alkyl. Removal of

15 the methyl ether and ester protecting groups under standard

conditions well-known to those versed in the art yields the

final product 26 (Examples 21 and 22)

.

The reduction product 27 (Example 23) was obtained

under the reaction conditons described in Scheme 5,

20
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24,R3s:BrorI

COOR COOR

COOH

Example 21» n = 1, R] = iPr, s CI, R3 = Me
Example 22, n = 1, Rj s iPr, R2 = CI, R3 s £t

COOR

(iPr)4Sn, toluene

cat (Ph3P)Pd

140 ^C,22hr

16% yield

24, R3S Br or I

COOH

Example 23, n = 1

5 With respect to the above reaction schemes, although

the various Rj, R2, R3, and n moieties are specifically

defined, unless otherwise indicated, it is to be understood

that Rj, Rj, R3, and R^ may be any of the groups encompassed

thereby and n may be 0, 1, 2, 3 or 4.

10 The compounds of the invention are agonists, that

are preferably selective for the thyroid hormone receptor-

beta, and as such are useful in the treatment of obesity,

hypercholesterolemia and atherosclerosis by lowering of

serum LDL levels, alone or in combination with a

15 cholesterol lowering drug such as an HMG CoA reductase

inhibitor, amelioration of depression alone or in

combination with an antidepressant, and stimulation of bone

formation to treat osteoporosis in combination with any

Icnown bone resorption inhibitor such as alendronate sodium.

20 In addition, the compounds of the invention may be useful

as replacement therapy in elderly patients with

hypothyroidism or subclinical hypothyroidism who are at
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risk for cardiovascular complications, and in the treatment

of non-toxic goiter; in the management of papillary or •

follicular thyroid cancer (alone or with T4) ; in the

treatment of skin disorders such as psoriasis, glaucoma,

5 cardiovascular disease such as in the prevention or

treatment of atherosclerosis, and congestive heart failure-

The compounds of the invention can be administered

orally or parenterally such as subcutaneous ly or

intravenously, as well as by nasal application, rectally or

10 sublingual ly to various mammalian species known to be

subject to such maladies, e.g., humans, cats, dogs and the

like in an effective amount within the dosage range of

about 0.1 to about 100 mg/kg, preferably about 0.2 to about

50 mg/kg and more preferably about 0.5 to about 25 mg/kg

15 (or from about 1 to about 2500 mg, preferably from about 5

to about 2000 mg) on a regimen in single or 2 to 4 divided

daily doses.

The active substance can be utilized in a

composition such as tablet, capsule, solution or suspension

20 or in other type carrier materials such as transdermal

devices, iontophoretic devices, rectal suppositories,

inhalant devices and the like. The composition or carrier

will contain about 5 to about 500 mg per unit of dosage of

a compound of formula I. They may be coitpounded in

25 conventional matter with a physiologically acceptable

vehicle or carrier, excipient, binder, preservative,

stabilizer, flavor, etc., as called for by accepted

pharmaceutical practice.

The following working Examples represent preferred

30 embodiments of the present invention.

Example 1

3 , 5-Dibromo-4- (4-hydroxy-3 -isopropylphenoxy) benzoic acid

35 (a) To a suspension of bis (3-'isopropyl-4-

methoxyphenyl ) iodonium tetrafluoroborate (prepared by the

method of Yokayama et al, Journal of Medicinal Chemistry
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1995, 38, 695-707) (37 g) and copper bronze (6.1 g) in

dichloromethane (150 ml), was added a solution of methyl

3 , 5-dibromo-4-hydroxybenzoate (15 g) and triethylamine (5.4

g) in dichloromethane (100 ml) dropwise at room

5 temperature. The mixture was stirred overnight and then

filtrated through Celite. After concentration, the

resulting residue was passed through a short silica gel

colxjmn eluted with ethyl acetate/ light petroleum ether

(5/95) . The pure fractions were pooled and concentrated to

10 dryness. The residue was recrystallized from methanol

affording 19.5 g (89%) of methyl 3,5-dibromo -4-(4'-

methoxy-3 '-isopropylphenoxy) -benzoate

.

(b) The above ester (6.5 g) was hydrolysed by

treatment with 1 M aqueous NaOH (60 ml) and methanol (150

15 ml) to give 3,5-dibromo -4- (4 '-methoxy-3 '-isopropyl-

phenoxy) benzoic acid (6.3 g, 99%).

(c) The above ester (2 g) was demethylated with

boron tribromide (IM, 26 ml) in methylene chloride at 0°C.

The mixture was stirred overnight at room temperature

20 before quenching with a water/ ice mixture. The layers were

separated and the water layer extracted with methylene

chloride. The combined organic extracts were dried,

filtered and concentrated. The resulting residue was

recrystallized to give 3 , 5-dibromo-4- (4-hydroxy-3-

25 isopropylphenoxy) benzoic acid (1.85 g, 98%).

Ex^pl^e 2

3 , 5-Dibromo-4- (4-hydroxy-3-isopropylphenoxy)benzyliodide

30 a) Methyl 3 , 5-dibromo-4- (4-methoxy-3-isopropyl-

phenoxy) -benzoate (Example la) (4.6 g) was treated with a 1

M solution of diisobutyl aluminium hydride (DIBAL) in THF

(40 ml) at 0°C and then warmed to room temperature and

stirred for 1 hour. The reaction mixture was poured into

35 an ice-cold 1 M HCl solution and extracted with ethyl

acetate 3 times. The organic layer was washed (brine),

dried, filtered and concentrated to dryness affording 3,5-
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dibromo-4-' ( 4-methoxy-3-isopropylphenoxy ) benzylalcohol (4.15

g, 96%) as oil which became a white solid after standing.

b) The above alcohol (215 mg) was added into a

mixture of P2O5 (3 6 mg) and H3PO4 (490 mg) followed by

5 addition of sodium iodide (150 mg) . The mixture was

stirred at 120°C for 15 min and then partitioned between

water and ethyl acetate. The organic layer was washed with

Na2S203 and brine ^ dried, filtered and concentrated. The

residue was crystallized from petroleum ether to give 3,5-

10 dibromo-4- (4-methoxy-3-isopropylphenoxy) -benzyliodide (170

mg, 63%) .

c) The above iodide (300 mg) was demethylated with

boron tribromide to give 3 , 5-dibromo-4- (4-hydroxy-3-

isopropylphenoxy)benzyliodide (220 mg, 75%)

.

15

Example 3

3 , 5--Dibromo-4- (4-hydroxy-3-isopropylphenoxy)phenylacetic

acid.

20 a) Bromine (35.2 g) was added dropwise to a

suspension of methyl 4-hydroxy-phenylacetate (16.6 g) in

H2O (500 ml) . After 1 day stirring, the mixture was

partitioned between H2O and ethyl acetate. The organic

layer was washed with aqueous sodium thiosulfate, dried,

25 filtered and concentrated. The residue was recrystallized

from methanol to give 16 g of methyl 3 , 5-dibromo-4-hydroxy-

phenylacetate as a light yellow solid (49%)

.

b) The above phenol (5 g) was coupled to bis(3-

isopropyl-4-methoxyphenyl) iodoni\m tetrafluoroborate (9 .

5

30 g) as described in Example la. Purification by column

chromatography and recrystallization from methanol gave 7.3

g (83%) of methyl 3 , 5-dibromo-4- (4-methoxy-3-isopropyl-

phenoxy ) phenylacetate

.

c) The above ester (2.4 g) was demethylated with

35 boron tribromide as described in Example 2c The crude

product was recrystallized from dichloromethane and light
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petroleum ether to give 1.37 g of 3 , 5-dibroino-4- (4

hydroxy-3 '-isopropylphenoxy)phenylacetic acid (62%).

Example 4

5 3 , 5-Dibromo-4- {4-hydroxy-3.-isopropylphenoxy) phenyl-

propionic acid

(a) Methyl 4-hydroxy-phenylproprionate (9b) was

brominated using the method described in Example 3a to give

10 15.8 g (93.5%) of methyl 3 , 5-dibromo-4-hydroxy-

phenylpropionate a light yellow solid.

(b) The above phenol {3.4g) was coupled to bis(3-

isopropyl-4-methoxyphenyl ) iodonium tetrafluoroborate (7.7

g) using the method described in Example la to give 2.8 g

15 (60%) of methyl 3, 5-dibromo-4- (4-methoxy-3-isopropyl-

phenoxy ) phenylpropionate

.

(c) The above ester (2.4 g) was demethylated with

boron tribromide using the method described in Example Ic

The crude product was recrystallized from dichloromethane

20 and light petrolium ether to give 1.37 g (62%) of 3,5-

dibromo -4- (4-hydroxy-3-isopropylphenoxy)phenylpropionic

acid.

Example 5

25 3 , 5-Dichloro-4- (4-hydroxy-3-isopropylphenoxy) benzoic acid.

(a) Methyl 3 , 5-dichloro-4-hydroxybenzoate (10 g)

was coupled with bis (3 -isopropyl-4 -methoxyphenyl) iodonium

tetrafluoroborate (35 g) using the method described in

30 Example la. Purification by column chromatography (silica

gel, 95:5 light petroleum ether/ethylacetate) followed by

recrystallization from methanol gave 8.42 g (51%) of

methyl 3 , 5-dichloro-4- (4-methoxy-3-isopropylphenoxy) -

benzoate

.

35 (b) The above methoxy compound (100 mg) was

demethylated and hydrolysed using the method described in
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Example Ic to give 65 mg (71%) of 3 , 5-dichloro-4- (4-

hydroxy-3 - isopropylphenoxy ) benzoic acid

.

Example ^

5 3 , 5-Dichloro-4- (4-hydroxy-3-isopropylphenoxy) benzylalcohol •

a) Methyl 3 , 5-dichloro-4- (4-methoxy-3 -isopropyl-

phenoxy)benzoate (Example 5a) (3.0 g) was treated with a 1

M solution of diisobutyl aliminiiom hydride (DIBAL) in THF

10 (32.5 ml) at O^'C and then warmed to room temperature and

stirred overnight. The reaction mixture was poured into an

ice-cold 1 M HCl solution and extracted with ethyl acetate

three times. The organic layer was washed (brine), dried,

filtered and concentrated to dryness affording 3,5-

15 dichloro-4- (4-methoxy-3-isopropylphenoxy)benzylalcohol

(3.21 g, 100%) as an oil.

b) The above alcohol (200 mg) was demethylated

using the method described in Example Ic to give 104 mg

(59%) of 3,5 dichloro-4- (4-hydroxy-3-isopropyl-

20 phenoxy ) benzylalcohol

.

Example 7

3 ,
5 -Dichloro-4- (4-hydroxy-3-isopropylphenoxy)benzyliodide.

25 a) 3,5-Dichloro-4-(4-methoxy-3-isopropylphenoxy)-

benzylalcohol (3.21 g) (Example 6a) was added into a

mixture of P2O5 (576 mg) and H3PO4 (5.5 ml) followed by

addition of sodium iodide (2.43 g) . .
The mixture was

stirred at 120°C for 15 min and then partitioned between

30 water and ethyl acetate. The organic layer was washed with

an aqueous solution of Na2S203 and brine, dried, filtered

and concentrated. The residue was crystallized from

petroleum ether to give 2.9 g (79%) of 3 , 5-dichloro-4- (4-

methoxy-3-isopropylphenoxy) benzyliodide

.

35 b) The above iodide (13 0 mg) was demethylation

using the method described in Example Ic to give 7 6 mg
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(60%) of 3,5 dichloro-4- (4-hy(iroxy-3-isopropylpheno:c/) •

benzyliodide.

Example 8

5 3 ,
5-Dichloro-4- (4-hydroxy-3-isopropylphenoxy) phenyl-,

propionic acid.

a) Sodium (46 mg) in small pieces was added into a

dry flask containing t-butaiiol. The mixture was refluxed
10 for 1 hour or \intil the sodium was completely dissolved.

Ethyl malonate (320 mg) was added and the reaction mixture
was warmed at 90°C for 1 hour followed by addition of the

iodide (Example 7a, 451 mg) in portions. The mixture was

stirred under reflux for three hours and concentrated. The

15 residue was stirred under reflux with potassium hydroxide
and water (1:1) overnight. The resulting residue was

partitioned between ethyl acetate and concentrated Hcl.

The organic layer was dried, filtered and concentrated to

give a white solid which was transferred into a small flask

20 which was heated at 180°C for three hours. The resulting

residue was chromatographed on silica gel and eluted with
methanol /chloroform (1/9) . The pure fractions were pooled
and concentrated affording 3 , 5-Dichloro-4- (4-methoxy-3-

isopropylphenoxy)phenylpropionic acid (152 mg, 20%)

.

25 b) The above acid (116 mg) was demethylated with
boron trifluoride dimethylsulfide complex to give 3,5-

dichloro-4- (4-hydroxy--3-isopropylphenoxy)phenylpropionic

acid (33 mg, 30%)

.

30 Example 9

3 , 5~Dichloro-4- (
4-hydroxy- 3 -isopropylphenoxy) phenyl

-

acetonitrile.

a) To a solution of sodium cyanide (400 mg) in

35 water (1 ml), the above iodide (Example 7a, 900 mg) in

absolute ethanol (3 ml) was added. The reaction mixture

became homogeneous after heating and was stirred under
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reflux for 2 hours . The reaction mixture was poured into

crushed ice and partitioned between water and ethyl

acetate. The organic layer was dried, filtered and

concentrated and the residue was chromatographed on silica

5 gel and eluted with ethyl acetate/petroleum ether (1/8) .

The pure fractions were pooled and concentrated to give

3 , 5-dichloro-4- (4-methoxy-3-isopropylphenoxy)phenyl-

acetonitrile (440 mg, 63%)

.

b) The above methoxynitrile (170 mg) was

10 demethylated using the method described in Example Ic to

give 3 , 5-dichloro-4- (4-hydroxy-3 -isopropylphenoxy) -

phenylacetonitrile (147 mg, 90%) .

Example 10

15 3 , 5-Dichloro-4- (4-hydroxy-3-isopropylphenoxy) phenylacetic

acid.

To a solution of nitrile 9b (760 mg) dissolved in

acetic acid (10 ml) was added dropwise a mixture of

20 concentrated sulfuric acid (10 ml) and water (10 ml) was

added dropwise. The reaction mixture was heated at 105°C

for 3 hours and partitioned between ice-cold water and

ethyl . acetate . The organic layer was dried, filtered and

concentrated to give 3 , 5-dichloro-4- (4-hydroxy-3-

25 isopropylphenoxy) phenylacetic acid (638 mg, 77%) .

Example 11

3 , 5-Dimethyl-4- (4-hydroxy-3-isopropylphenoxy)benzoic acid.

30 (a) Methyl 3 , 5-dimethyl-4-hydroxybenzoate (5.2 g)

was coupled with bis (3-isopropyl-4-methoxyphenyl) iodonium

tetrafluoroborate (22.1 g) using the method described in

Example 1(a). Purification by column chromatography

(silica gel, 97:3 light petroliiim ether/ethylacetate) gave

35 8.3 g (87%) of methyl 3 , 5-dichloro-'4- {4-methoxy-3-

isopropyIphenoxy ) benzoate

.
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(b) The ahove methoxy compoiind (5 g) was

demethylated and hydrolysed using the method described in

Example 1(c). The residue was subjected to column

chromatography (silica gel, 98:2:0.3 chloroform/

5 methanol /acetic acid) to give 1.22 g (27%) of the title

compound

.

Example 12

3 , 5-Dibromo -4- ( 4-hydroxy-3-isopropylphenoxy) benzylalcohol

.

10

A mixture of 3 , 5-dibromo-4- (4-hydroxy-3-

isopropylphenoxy)benzoic acid (Example 1(c) (1.0 g, 3.3

mmol) , tetrabutylammonium boronate (2.6 g, 9.9 mmol) and

ethylbromide (1.0 ml, 13.2 mmol) in 25 ml of CHjClj and 10

15 ml of tetrahydrofuran was stirred at room temperature over

night- The reaction mixture was treated with IM HCl and

extracted several times with EtOAc. The combined organic

phases were washed once with water followed by a saturated

solution of NaCl. After drying over MgS04,. filtration and

20 evaporation, the residue was purified by column

chromathography (silica gel, 7:3 p-ether/EtOAc) . This gave

0.922 g (98%) of 3 , 5-dibromo-4- (4-hydroxy-3-

isopropylphenoxy ) benzylalcohol

.

25 Example 13

3 r5-Dibromo-4- (4-hydroxy-3 -isopropylphenoxy) benzylcyanide.

(a) A solution of PBr3 (125 mg, 0.463mmol) in 5 ml

of CH2CI2 was added dropwise, under nitrogen, to a stirred

30 solution of 3 , 5-dibromo-4- (4 -hydroxy- 3 -isopropylphenoxy) -

benzylalcohol (Example 12) (385mg, 0.925 mmol) in 20ml
CH2CI2 at O^C. The reaction mixture was left to stand at

room temperature over night and then diluted with CH2CI2

•

The organic phase was washed with water, dried over MgS04

35 and concentrated. The residue was purified by column

chromathography (silica gel, 75:25 petroleum-ether/EtOAc)
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to give 160mg { 36%) of 3 , 5-dibroino-4- {4-hydro3c/-3-

isopropylphenoxy.) benzylbromide

.

(b) To a stirred solution the above bromide (135mg,

0.282 mmol) in 0.85 ml of DMF and 0.09 ml of water at 50°C,

5 NaCN (17 mg, 0.352 mmol) was added. After 30 minutes the

reaction mixture was concentrated, treated with water and

extracted twice with EtOAc. The combined organic phases

were dried over MgSO,, filtered and concentrated. The

residue was purified by column chromathography (silica gel,

10 8:2 petroleum-ether/EtOAc) to give BOmg (67%) of 3,5-

dibromo-4- (4-hydroxy-3-isopropylphenoxy) -benzylcyanide

.

3 , 5-Dibromo-4- (4-hydroxy-3-isopropylphenoxy)benzyl-

15 phosphonic acid, diethyl ester.

A mixture of 3 , 5-dibromo-4- (4-hydroxy-3-

isopropylphenoxy)benzylbromide (Exairple 13a) (491 mg, 1.03

mmol), triethyl phosphite (3.98 g, 12 mmol) in 20 ml of

20 toluene was refluxed for 48 hours. The reaction mixture

was concentrated and the residue was precipitated with a

mixture of petroleum ether and EtOAc (8:2) to give 308 mg

(0.577 mmol, 56%) of 3 , 5-dibromo-4- (4-hydroxy-3-

isopropylphenoxy) benzyl phosphonic acid, diethyl ester as a

25 white solid.

Example 15

3 , 5-Dibromo -4- (
4-hydroxy-3-isopropylphenoxy ) benzyl-

phosphonic acid.

30

A mixture of 3 , 5-dibromo-4- (4-hydroxy-3-

isopropylphenoxy) benzyl phosphonic acid, diethyl ester (21

mg, 0.0392 mmol) in 2 ml of 6 M HCl was refluxed for 24

hours. The reaction mixture was concentrated and the

35 residue was recrystallized with EtOH/water to give 10 mg

(0.021 mmol, 53%) of 3 , 5-dibromo-4- (4-hydroxy-3-

•

isopropylphenoxy)-benzylphosphonic acid as white crystalls.
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Example 16

3 , 5~Diinethyl-4- (.4-hydroxy"3-isopropylphenoxy) benzylalcohol

.

5 A mixture consisting of the above acid (Example lib,

1.0 g) , tetrabutylammoniiam boronate {2.6 g, 9.9 mmol) and
ethylbromide (1.0 ml, 13.2 mmol) in 25 ml of CH2CI2 and 10

ml of tetrahydrofuran was stirred at room temperature over

night. The reaction mixture was treated with IM HCl and

10 extracted several times with EtOAc. The combined organic

phases were washed once with water followed by a saturated

solution of NaCl. After drying over MgS04, filtration and

evaporation, the residue was purified by column .

chromathography (silica gel, 7:3 p-ether/EtOAc) . This gave

15 0.922 g (98%) of the title compound.

Example 17

3 , 5-Dimethyl-4- ( 4-hydroxy-3-isopropylphenoxy ) phenyl-

acetonitrile.

20

(a) A solution of PBr3 (401 mg, 1.48 mmol) in 10 ml

of CH2CI2 was added dropwise, under nitrogen, to a stirred

solution of the above alcohol (Example 16, 850 mg) in 20ml

CH2C12 at 0°C. The reaction mixture was left to stand at

25 room temperature over night and then diluted with CH.Clj.

The organic phase was washed with water, dried over MgSO'^

and concentrated. The residue was purified by column

chromathography (silica gel, 9;1 petroleum-ether/EtOAc) to

give 465 mg of 3 , 5-dimethyl-4- (4-hydroxy-3-isopropyl-

30 phenoxy) benzylbromide

b) To a stirred refluxed solution of the above

nitrile (325 mg) in 2 . 0 ml of DMF and 0,2 ml of water, NaCN

(42 mg) was added. After 2 hours the reaction mixture was

concentrated, treated with water and extracted twice with

35 EtOAc. The combined organic phases were dried over MgSO^,

filtered and concentrated. The residue was purified by
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column chromathography (silica gel, 8:2 petroleum-

ether/EtOAc) to give 171 mg (85%) of the title compound.

Example 18

5 3 , 5-Dibromo-4- (4-hydroxy-3-isopropylphenoxy) cinnamic acid.

(a) 2,4, 6-Tribromo-phenol (3 . 15g) was coupled to

bis (3-isopropyl-4-methoxyphenyl) iodonium tetrafluoroborate

(7.7 g) using the method described in Example 1(a).

10 Purification by column chromatography and recrystallization

from methanol gave 4.5 g (94%) of methyl 1, 3 , 5-tribromo-4-

( 4-methoxy- 3 - isopropylphenoxy ) benzene

.

b) A mixture of above tribromobenzene, (2.9g) ethyl

acrylate (0.9), palladium acetate ( 23mg ) , triethylamine

15 (0.6g), triphenylphosphine (30mg) in acetonitrile was

stirred at 120°C for 5 days. Purification by column

chromatography and recrystallization from methanol gave

300mg (12%) of ethyl 3,5-dibromo -4- (4-methoxy-3-

isopropylphenoxy ) cinnamate

.

20 c) The above ester (2.4 g) was demethylated with

boron tribromide using the method described in Example

2(c). The crude product was recrystallized from

dichloromethane and light petrolium ether to give 1.37 g of

3 , 5-dibromo-4- (4 -hydroxy- 3 -isopropylphenoxy) cinnamic acid

25 (62%) .KB 131 109. .

Example 19

3-Bromo-5-chloro-4- (4-hydroxy- 3 -isopropylphenoxy) -

phenylacetic acid

30

a) To a solution of 3-chloro-4-hydroxyphenylacetic

acid (2.5 g) in glacial acetic acid (35 mL) was added 0.8

mL of neat bromine carefully while stirring. The mixture

was stirred in dark at ambient temperature for 51 h. The

35 resulting mixture was diluted with water, extracted with

ethyl acetate, dried and concentrated in vacuo to afford 3-

bromo-5-chloro-4-hydroxyphenylacetic acid. This crude
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product was dissolved in methanol (15 mL) , treated with

concentrated sulfuric acid (1 mL) carefully, stirred at

reflux for 18 h. Cooled reaction mixture was concentrated

under reduced pressure, diluted with water carefully,

5 extracted with dichloromethane . The combined organic

layers were dried and concentrated. Flash column

chromatography on silica gel with ethyl acetate/hexane (0-

50% gradient elution) afforded 3-bromo-5-chloro-4-

hydroxyphenylacetic acid methyl ester (2.5 g, 68%).

10 b) 3-Bromo-5-chloro-4-hydroxyphenylacetic acid

methyl ester "(1.1 g) was coupled with bis (3-isopropyl-4-

methoxyphenyl ) iodonium tetrafluoroborate (2.9. g) by the

procedure described in Example 1(a) to afford 3-bromo-5-

chloro-4- (4-methoxy-3-isopropylphenoxy) phenylacetic acid

15 methyl ester (1.1 g, 67%).

c) A solution of the above product (32 mg) in

dichloromethane (2 mL) was treated with boron, tribromide (1

M, 1 mL) under nitrogen and stirred at ambient temperature

for two days. The reaction mixture was poured to stirring

20 water and extracted with ethyl acetate from 1 N HCl. The

combined organic layers were dried and concentrated. The

desired 3-bromo-5-chloro-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid was purified using reverse-phase

preparative HPLG eluting with methanol /water (30-90%) (15

25 mg, 50%) .

Example 20

3-chloro-5-iodo-'4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid

30

a) To a solution of 3-chloro-4-hydroxyphenylacetic

acid (1.25 g) in glacial acetic acid (20 mL) was added 2.0

g of iodine crystals while stirring. The mixture was

stirred in dark at ambient temperature for 2 days. The

35 resulting mixture was diluted with water, extracted with

ethyl acetate, dried and concentrated in vacuo to afford 3-

chloro-5-iodo-4-hydroxyphenylacetic acid. This crude
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product was dissolved in methanol {30 mL) , treated with

concentrated sulfuric acid (2 mL) carefully, stirred at

reflux for 20 h. Cooled reaction mixture was concentrated

under reduced pressure, diluted with water, extracted with

5 dichloromethane . The combined organic layers were dried

and concentrated. Flash colximn chromatography on silica

gel with ethyl acetate /hexane (0-50% gradient elution)

afforded 3-chloro-5-iodo-4-hydroxyphenylacetic acid methyl

ester (90 mg, 4%) •

10 b) 3-Chloro-5-iodo-4-hydroxyphenylacetic acid

methyl ester (90 mg) was coupled with bis (3-isopropyl-4-

methoxyphenyDiodonium tetrafluoroborate (310 mg) by the

procedure described in Example 1(a) to afford 3-chloro-5-

iodo-4- {4-methoxy-3-isopropylphenoxy) phenylacetic acid

15 methyl ester (70 mg, 54%)

.

c) A solution of the above product (30 mg) in

dichloromethane (2 mL) was treated with boron tribromide (1

M, 1 mL) under nitrogen and stirred at ambient temperature

for 22 h. The reaction mixture was poured to stirring

20 water and extracted with ethyl acetate from 1 N HCl .
The

combined organic layers were dried and concentrated. The

desired 3-chloro-5-iodo-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid was purified using reverse-phase

preparative HPLC eluting with methanol /water (30-90%) (18

25 mg, 64%).

Example 21

3-Chloro-5-methyl-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid

30

a) A solution of 3-bromo-5-chloro-"4- {4-methoxy-3-

isopropylphenoxy) phenylacetic acid methyl ester (50 mg) in

toluene (2 mL) in a pressure tube was degassed with

nitrogen, treated with tetrakis (triphenylphosphine)

-

35 palladium (47 mg) and tetramethyltin (0.3 mL) sequentially

at ambient temperature. The pressure tube was then sealed

and wrapped with aluminum foil. The reaction mixture was



wo 99/00353 PCT/EP98/04039

31

stirred at 140 oC in dark for 22 h. Cooled reaction
mixture was chromatographied on silica gel with ethyl

acetate/hexane {0-25% gradient elution) afforded S-chloro-

5-methyl-4- (4-hydroxy-3-isopropylphenoxy)phenylacetic acid

5 methyl ester (36 mg, 85%) .

b) A solution of the above product (3 6 mg) in

dichloromethane (2 mL) was treated with boron tribromide (1

M, 1 mL) under nitrogen and stirred at ambient temperature
for 29 h. The reaction mixture was poured to stirring

10 water and extracted with ethyl acetate from 1 N HCl. The

combined organic layers were dried and concentrated. The

desired 3--chlorO"5-methyl-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid was purified using reverse-phase

preparative HPLC eluting with methanol /water (30-90%) (16

15 mg, 48%)

.

Example 22

3-Chloro-5-ethyl-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid

a) A solution of 3~bromo-5-chloro-4- (4-methoxy-3-

isopropylphenoxy) phenylacetic acid methyl ester (50 mg) in

toluene (2 mL) in a pressure tube was degassed with
nitrogen, treated with tetrakis ( triphenylphosphine)

-

palladium (25 mg) and tetraethyltin (0.3 mL) sequentially
at ambient temperature. The pressure tube was then sealed

and wrapped with aluminum foil. The reaction mixture was

stirred at 140°C in dark for 17 h. Cooled reaction mixture
was chromatographied on silica gel with ethyl

acetate/hexane (0-25% gradient elution) afforded 3-chloro-

5-ethyl-4- (
4 -hydroxy-3-isopropylphenoxy) phenylacetic acid

methyl ester (40 mg, 90%)

.

b) A solution of the above product (40 mg) in

dichloromethane (2 mL) was treated with boron tribromide (1

M, 1 mL) under nitrogen and stirred at ambient temperature

for 20 h. The reaction mixture was poured to stirring

water and extracted with ethyl acetate from 1 N HCl. The

20

25

30

35
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combined organic layers were dried and concentrated. The

desired 3--chloro-5-ethyl-4- ( 4-hydroxy-3-isopropyl-

phenoxy)phenylacetic acid was purified using reverse-phase-

preparative HPLC eluting with methanol /water (30-90%) (5

5 mg, 13%)

.

Examnle 23

3-Chloro-4- (4-hydroxy-3-isopropylphenoxy)phenylacetic acid

10 A solution of 3-bromo-5-chloro-4- {4-methoxy-"3-

isopropylphenoxy) phenylacetic acid methyl ester (100 mg)

in toluene (2 mL) in. a pressure tube was degassed with

nitrogen, treated with tetrakis (triphenylphosphine)

-

palladium (54 mg) and tetrais©propyltin (0.5 mL)

15 sequentially at ambient temperature. The pressure tube was

then sealed and wrapped with aluminum foil. The reaction

mixture was stirred at 140^*0 in dark , for 22 h. Cooled

reaction mixture was chromatographied on silica gel with

ethyl acetate/hexane (0-25% gradient elution) afforded 3-

20 chloro-4- (4-hydroxy- 3 -isopropylphenoxy) phenylacetic acid

methyl ester. A solution of this product in

dichloromethane (2 mL) was treated with boron tribromide (1

M, 1 mL) under nitrogen and stirred at ambient temperature

for 3 h. The reaction mixture was poured to stirring water

25 and extracted with ethyl acetate from 1 N HCl . The

combined organic layers were dried and concentrated. The

residue was dissolved in THF:MeOH:H20 (3:1:1, 2 mL) ,

treated with LiOH (20 mg) in one portion and stirred at

ambient temperature for 19 h. The reaction mixture was

30 extracted with ethyl acetate from 1 N HCl, dried, and

concentrated. 3-chloro-4- (4-hydroxy-3-isopropylphenoxy)

-

phenylacetic acid was purified using reverse-phase

preparative HPLC eluting with methanol /water (30-90%) (12

mg, 16%) .

35
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Example 24

3 ,
5-dimethyl-4- (4r-hydroxy-3-isopropylphenoxy)phenylacetic

acid

5 A solution of 3 , 5-dibromo-4- (4-methoxy-3-

isopropylphenoxy) phenylacetic acid (25 mg) in

dimethylformaldehyde (1 mL) in a pressure tube was degassed

with nitrogen, treated with tetrakis (triphenylphosphine)

-

palladium (12 mg) and tetramethyltin (0.3 mL) sequentially

10 at ambient temperature. The pressure tube was then sealed

and wrapped with aluminum foil. The reaction mixttire was

stirred at 140**C in dark for 23 h. Cooled reaction mixture

was filtered through celite, rinsed with ethyl acetate.

The filtrate was extracted with ethyl acetate from 1 N HCl,

15 dried, and concentrated. Reverse-phase preparative HPLC

eluting with methanol/water (30-90%) afforded 3 , 5-dimethyl-

4- (4-hydroxy-3-isopropylphenoxy) phenylacetic acid. (9 mg,

50%) .

20 E^ampl^ 2^

3 -Ethyl - 5-methyl - 4 - (
4-hydroxy- 3 - isopropyIphenoxy )

-

phenylacetic acid

A solution of 3 , 5-dibromo-4- (4-methoxy-3-

25 isopropyIphenoxy) phenylacetic acid methyl ester (37 mg) in

toluene (2 mL) in a pressure tube was degassed with

nitrogen, treated with tetrakis ( triphenylphosphinepalladium

(17 mg) , tetraethyltin (0.1 mL) and tetramethyltin (0.1 mL)

sequentially at ambient temperature. The pressure tube was

30 then sealed and wrapped with aluminum foil. The reaction

mixture was stirred at 140^^0 in dark for 22 h. Cooled

reaction mixture was chromatographied on silica gel with

ethyl acetate/hexane (0-25% gradient elution) afforded a

mixture of products. A solution of these products in

35 dichloromethane (2 mL) was treated with boron tribromide (1

M, 1 mL) under nitrogen and stirred at ambient temperature

for 24 h. The reaction mixture was poured to stirring
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water and extracted with ethyl acetate from 1 N HCl. The

combined organic layers were dried and concentrated. The

desired 3-€thyl~5-methyl-4- {4-hydroxy-3-isopropylphenoxy)

phenylacetic acid was purified using reverse-phase

5 preparative HPLC eluting with methanol /water (30-90%) (4

mg, 15%)

•

Example 26

3-Bromo-5-methyl-4- (4-hydroxy-3-isopropylphenoxy) -

10 phenylacetic acid

a) To a solution of 4-methoxy-3-methylphenylacetic

acid (0.43 g) in glacial acetic acid (7 mL) was added 0.2

mL of neat bromine carefully while stirring. The mixture

15 was stirred in dark at ambient temperature for 27 h. The

resulting mixture was diluted with brine, extracted with

ethyl acetate, dried and concentrated in vacuo to afford 3-

bromo-5-methyl-4-methoxyphenylacetic acid. This crude

product was dissolved in methanol (30 mL) , treated with

20 concentrated sulfuric acid (1 mL) carefully, stirred at

reflux for 16 h. Cooled reaction mixture was concentrated

under reduced pressure, diluted with brine, extracted with

ethyl acetate. The combined organic layers were dried and

concentrated in vacuo. The residue was dissolved in

25 dichloromethane (10 mL) , treated with boron tribromide (1

M, 2 mL) under nitrogen and stirred at ambient temperature

for 1 h. The reaction mixture was poured to stirring water

and extracted with ethyl acetate from 1 N HCl. The

combined organic layers were dried and concentrated. Flash

30 column chromatography on silica gel with ethyl

acetate/hexane (0-50% gradient elution) af forded .3-bromo-5-

methyl-4~hydroxyphenylacetic acid methyl ester (0.21 g,

34%) .

b) 3-'Bromo-5-methyl-4-hydroxyphenylacetic acid

35 methyl ester (0.2 g) was coupled with bis (3-isopropyl-4-

methoxyphenyDiodonium tetrafluoroborate (0.7 g) by the

procediire described in Example 1(a) to afford 3-bromo-5-
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methyl-4- (4-methoxy-3-isopropylphenoxy) phenylacetic acid
methyl ester (0.15 g, 48%).

c) A solution of the above product (84 mg) in

dichloromethane (3 mL) was treated with boron tribromide (1

5 M, 2 mL) under nitrogen and stirred at ambient temperature
for 4 h. The reaction mixture was poured to stirring water
and extracted with ethyl acetate from 1 N HCl. The
combined organic layers were dried and concentrated. The
desired 3-bromo-5-methyl"4- {4-hydroxy-3-isopropylphenoxy) -

10 phenylacetic acid was purified using reverse-phase

preparative HPLC eluting with methanol/water (30-90%) (25

mg, 32%)

.
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What is claimed is:

1. A compound having the formula

5 wherein

Ri is alkyl of 1 to 4 carbons or cycloalkyl of 3 to 7

carbons;

R2 and R3 are the same or different and are hydrogen,

halogen, alkyl of 1 to 3 carbons or cycloalkyl of 3 to 5

10 carbons, at least one of R2 and R3 being other than

hydrogen;

n is an integer from 0 to 4;

R4 is an aliphatic hydrocarbon, an aromatic

hydrocarbon, carboxylic acid or ester thereof, alkenyl

15 carboxylic acid or esters thereof, hydroxy, halogen, cyano,

or a phosphonic acid or ester thereof, or a

pharmaceutically acceptable salt thereof, and all

stereoisomers thereof.

2- The compound as defined in Claim 1 wherein n is

20 0 or 1 or 2.

3. The compound as defined in Claim 1 wherein R2 and

R3 are each independently halogen.

4. The compound as defined in Claim 1 wherein R2*and

R3 are each independently an alkyl group.

25 5. The compound as defined in Claim 1 wherein one

of R2 and R3 is halogen and the other is an alkyl group.

6. The compoiand as defined in Claim 1 wherein one

of R2 and R3 is halogen and the other is hydrogen.

7. The compound as defined in Claim 1 wherein one

30 of R2 and R3 is alkyl and the other is hydrogen,

8. The compound as defined in Claim 1 wherein R2 and

R3 are independently Cl, Br, methyl or ethyl.

9. The compound as defined in Claim 1 wherein Ri is

isopropyl

,
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10. The compomd as defined in Claim 1 wherein R4 is

carboxyl, halogen, hydroxy, cyano, an alkenoic acid

residue, or a phosphonic acid.

11. The compound as defined in Claim 1 which is

5 3 , 5-dibromo-4- (4-hydroxy-3-isopropylphenoxy) benzoic acid,

3 , 5-dibromo -4-
{ 4-hydroxy-3 -isopropylphenoxy) -

benzyliodide,

3 ,
5-dibromo - 4 - {

4-hydroxy- 3 -isopropyIphenoxy )

-

phenylacetic acid,

10 3 , 5-dibromo -4- (4-hydroxy- 3 -isopropyIphenoxy)

-

phenylpropionic acid,

3 , 5-dichloro-4- {4-hydroxy-3-isopropyIphenoxy) benzoic
acid,

3 , 5-dichloro-4- {4-hydroxy-3-isopropyIphenoxy) -

15 benzylalcohol,

3 , 5-dichloro-4- (4-hydroxy-3-isopropyIphenoxy) -

benzyliodide,

3 , 5-dichloro-4- (4-hydroxy- 3 -isopropyIphenoxy) -

phenylpropionic acid,

20 3 , 5-dichloro-4- {
4-hydroxy-3 -isopropyIphenoxy) -

phenylacetonitrile,

3 ,
5-dichloro-4 - {4-hydroxy- 3 -isopropyIphenoxy) -

phenylacetic acid,

3 , 5-dimethyl-4- (4-hydroxy-3 -isopropyIphenoxy) benzoic
25 acid,

3 , 5-dibromo-4- {4-hydroxy-3-isopropylphenoxy) -

benzylalcohol,

3 ,
5 -dibromo-4-{4-hydroxy-3-isopropyIphenoxy) -

benzylcyanide

,

30 3 , 5-dibromo-4- (
4-hydroxy- 3 -isopropyIphenoxy) -benzyl

phosphonic acid, diethyl ester,

3 , 5-dibromo-4- {4-hydroxy-3-isopropylphenoxy) -

benzylphosphonic acid,

3 ,
5 -dimethyl-4- {4-hydroxy-3 -isopropyIphenoxy) -

35 benzylalcohol,

3 ,
5 -dimethyl- 4 - (4-hydroxy- 3 -isopropyIphenoxy) -

phenylacetonitrile,
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3 , S-dibromo -4- (4-hydroxy-3-isopropylphenoxy) -

cinnamic acid,

3-bromo-5-chloro-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid,

5 3-chloro-5-iodo-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic. acid,

3-chloro-5-methyl-4- (4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid,

3-chloro-5-ethyl-4- (4-hydroxy-3-isopropylphenoxy) -

10 phenylacetic acid,

3-chloro-4- {4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid,

3 , 5-dimethyl-4- (4-hydroxy-3"isopropylphenoxy) -

phenylacetic acid,

15 3-ethyl-5-methyl-4- {4-hydroxy-3-isopropylphenoxy) -

phenylacetic acid,

3-broino-5-niethyl-4- (4-hydroxy"3-isopropylphenoxy) -

phenylacetic acid,

or a pharmaceutically acceptable salt thereof.

20 12. The compoxind as defined in Claim 1 having the

structure

25 13. A method for preventing, inhibiting or treating

a disease associated with metabolism dysfunction, or which

is dependent on the expression of a T3 regulated gene,

which comprises administering to a patient in need of

treatment a therapeutically effective amount of a con?)ound

30 as defined in Claim !•
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14. The method as defined in Claim 13 wherein the

disease associated with metabolism dysfunction or which is

dependent on the expression of a T3 regulated gene is

obesity, hypercholesterolemia, atherosclerosis, depression,

5 osteoporosis, hypothyroidism, goiter, thyroid cancer,

glaucoma, cardiac arrhythmia, or congestive heart failure.

15. A thyroid receptor ligands according to the

following formula

10

in which Rj and R3 are the same or different and are

hydrogen, halogen or alkyl of 1 to 3 carbons, n is an

integer between 0 and 4 and is selected from aliphatic

and aromatic hydrocarbons, carboxylic acid or ester

15 thereof, alkenyl carboxylic acid or ester thereof, hydroxy,

halogen, cyano and phosphonic acid or ester thereof, such
o
II

as P{ORM2 where R' is H or lower alkyl.

16. The thyroid receptor ligand according to Claim
15, in which R2 and R3 are the same or different and are

20 chlorine, bromine or methyl.

17 . A method of producing a thyroid receptor ligand

according to Claim 15 which comprises reacting a compound'

of Formula II below with a compound of Formula III below,

and demethylating the reaction product, to produce the

25 ligand

II
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III
Hal

0-3.

where Hal is halogen.

18. The use of a compound according to Claim 1 in

5 the preparation of a medicament for the treatment of a

disease or disorders which is dependent on the expression

of a T3 regulated gene.

19. The use of a compound according to Claim 17 in

which the disease or disorder is selected from

10 hypothyroidism, hypercholesterolemia, obesity, skin

disorders, glaucoma, cardiovascular disease, congestive

heart failure and other endocrine disorders related to

thyroid hormone.

20 . A pharmaceutical composition conprising an

15 effective amount of a compound according to Claim 1 or a

pharmaceutically effective salt therefore, together with a

pharmaceutically acceptable carrier.

21. A method of treatment of a patient with a T3

regulated gene disorder or disease, which comprises

20 administering to a patient in need of treatment a

therapeutically effective amount of a compound according to

Claim 1.

22. The method according to Claim 21 in which the

disorder or obesity is selected from hypothyroidism,

25 hypercholesterolemia, obesity, skin disorders, glaucoma,

cardiovascular disease, congestive heart failure, and other

endocrine disorders related to thyroid hormone.
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